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n Q Priority 
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1. With regard to the elements of the international application:* 
the international application as originally filed 

[ | the description: 

pages _ 

pages 

pages 



, as originally filed 
, filed with the demand 



. filed with the letter of 



□ 



the claims: 

pages 

pages 

pages 

pages 



, as originally Hied 

, as amended (together with any statement) under article 1 9 

, filed with the demand 



. filed with the letter of 



1 1 the drawings 
pages 

pages 

pages 



, as originally filed 
, filed with the demand 



. filed with the letter of 



| | the sequence listing part of the description: 

pages 

pages 

pages ^ 



, as originally filed 
, filed with the demand 



, filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language English which is: 

| [ the language of a translation furnished for the purposes of international search (under Rule 23. 1(b)). 
the language of publication of the international application (under Rule 48.3(b)). 



l/W l,lv t***"" — «-« * - - 

□ the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

[ | contained in Uie international application in written form. 

| | filed together with the international application in computer readable form. 

| [ furnished subsequently to this Authority in written form. 

| | furnished subsequently to tins Authority in computer readable form. 

I — I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
' — ' international application as filed has been furnished. i • u 

□ The statement that the information recorded in computer readable iorm is identical to the written sequence listuig has 
been furnished. 

4. | | The amendments have resulted in the cancellation of: 

| | the description, pages 

| | the claims, Nos. 

| | the drawings, sheet/fig 



□ This report has been established as if (some of) Ihe amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are refened to 
in this report as "originally filed" and are annexed to this report since they do not contain amendments (Rules 70.16 
and 70.17). 

** Any replacement sheet containing such amendments must he refen ed to under item 1 and annexed to this report. 
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2. C italions and explanations (Rule 70.7) 

The claimed invention relates to a quantum well based two- 
dimensional detector for infrared radiation and a camera 
system with such a detector. The invention ±s intended to 
solve the problem of the narrow angle where the detector is 
sensitive and a poor sensitivity for points at the edge of the 
detector. 

The solution according to the invention is to introduce a 
grating arrangement with a grating interval that varies or 
changes from the central part of the detector towards the 
outer parts. 

The documents cited in the International Search Report are: 



EP 0617471 
US 5485015 
US 5539206 

IEEE ELECTRON DEVICE LETTERS, Volume 16, No2, February 1995, 
K.L. Tsai et al, 'Two-Dimensional Bi-Periodic Grating Coupled 
One- and Two-Color Quantum Well Infrared Photodetectors" 

Cited documents describe quantum well detector- s for infrared 
detection. Among cited documents, the last is closest to 
describe the invention. In this document xs disclosed a 
detector having different grating interval in two directions. - 

However, none of the documents describe a grat±ng system with 
varying intervals of the grating period. 

Accordingly, the claimed invention fulfil the requirements of 
novelty (N) , inventive step (IS) and industrial applicability 
(IA) . 
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(57) Abstract 

A quantum well based two-dimensional 
detector (1) for detecting infrared radiation 
which receives infrared radiation falling upon 
its detector surface (la) at various angles of in- 
cidence. The detector comprises a grating ar- 
rangement for diffraction of the incident radia- 
tion. The arrangement is selected with a grating 
interval which varies or changes from the cen- 
tral part of the detector out towards the outer 
parts of the detector. The variation or change 
in the grating interval is arranged to retain in 
the detection diffracted rays of the orders 1 and 
-1 as active components over the whole detec- 
tor surface by changing the angle values of the 
diffracted rays depending upon the angles of in- 
cidence of the radiation falling on various parts 
of the detector surface. 
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Quantum well based two-dimensional detector for IR 
radiation and camera system with such a detector 



This invention concerns a quantum well based two- 
dimensional detector for detecting infrared radiation 
which receives infrared radiation falling upon its 
detector surface at various angles of incidence within 

10 a range of 0-30° in relation to the normal to the 
surface. The detector comprises a grating arrangement 
for diffraction of the incident radiation. The 
invention also concerns a camera system for infrared 
radiation and comprising optics with an aperture and 

15 cooling unit and a quantum well based two-dimensional 
detector which receives via the aperture infrared 
radiation falling at various angles of incidence within 
a range of 0-30° in relation to the normal to the 
detector surface. The detector comprises in addition a 

20 grating arrangement for diffraction of the incident 
radiation. 

The use of diffraction gratings of various kinds 
is already known for the purpose of increasing the 
sensitivity of a quantum well based detector for 

25 detecting infrared radiation, a so-called QWIP 

detector (Quantum Well Infrared Photodetector ) . 
Reference can be made to the Swedish patent 9101034 and 
the American patents 5 075 749 and 5 506 419. QWIP 
detectors are completely insensitive to radiation which 

30 falls perpendicular to the surface, but by the 
introduction of a grating the direction of the incident 
radiation can be changed so that this can be absorbed 
by the detector structure. The grating is normally 
arranged so that the detector is most sensitive to 

35 radiation falling perpendicular to the detector 
surface . 

The use of such detectors in IR camera systems is 
already known, where the detectors are combined with 
optics and cooling devices. An important component in 
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this respect is the so-called cold aperture which is 
usually integrated with the detector in a vacuum flask 
(Dewar vessel) . The cold aperture limits the angles of 
incidence of the radiation which falls on the detector. 
5 A QWIP detector which is equipped with a through- 

put grating as above is usually sensitive within a 
relatively narrow range of angles. In particular this 
applies when a grating arrangement is used in 
accordance with the abovementioned Swedish patent, 

10 where the grating constant or grating interval is 
selected so that the angles of diffraction are almost 
90°. It only requires a very small change in the angle 
of incidence for the angle of diffraction to exceed 90° 
in relation to the normal to the detector surface 

15 whereupon the diffracted ray in question is lost as an 
active component in the detect ion , which results in a 
sudden reduction in the through-put efficiency. 

In order for radiation to be detected by the 
detector it is necessary for the angles of incidence to 

20 lie within a range of angles where the detector is 
sensitive. For points which lie straight in front of 
the detector, that is straight in front of the cold 
aperture, all these rays will lie within a range of 
angles around 0°, which means that most of the radiation 

25 can be detected. On the other hand for points at the 
edge of the detector surface the rays fall principally 
at oblique angles, where previously known detectors 
have poor sensitivity. This is shown in figures 1 and 2 
where A shows the radiation falling on the centre of 

30 the detector surface via the cold aperture and B shows 
the radiation falling on the outer edges of the 
detector surface via the cold aperture. There is a need 
to be able to obtain even sensitivity over the whole 
detector surface in order to be able to achieve a 

35 better picture quality. This invention aims to solve 
this problem, among others. 

In connection with the camera system there is also 
the requirement to be able to make the optics smaller 
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and reduce the cooling requirement in the system. The 
invention also intends to solve this problem. 

A detector according to the invention can 
principally be characterized in that the grating 
5 arrangement is selected with a grating interval which 
varies or changes from the central part of the detector 
or the detector surface out towards the outer parts or 
circumference of the detector or detector surface. It 
is further characterized in that the variation or 

10 change in the grating interval is arranged to retain or 
contribute towards retaining in the detection 
diffracted rays of the orders of 1 and -1 as active 
components over the whole detector surface by changing 
the angle value of the diffracted rays depending upon 

15 the angles of incidence of the radiation falling upon 
the various parts of the detector surface. 

In the embodiments of the invention concept it is 
proposed that the grating interval varies linearly or 
in steps. Elements included in the grating arrangement 

20 vary in the horizontal cross-section of the grating 
arrangement in configuration size and/or shape and are, 
for example, square in the central part of the detector 
surface and change to a rectangular form in the part of 
the grating arrangement towards the outer parts or 

25 around the circumference of the detector surface. 
Further embodiments of the invention concept are 
described in the following patent claims regarding the 
construction of the detector. 



30 principally be characterized in that, as described 
above, the grating arrangement is selected with a 
grating interval which varies or changes from the 
central part of the detector out towards the outer 
parts of the detector and that the grating interval or 

35 the change is selected to diffract rays which pass 
through the edge of the aperture, that is rays with the 
largest angle of incidence, by a value up to or exactly 
equal to 90° in relation to the normal to the detector 
surface. Other rays which pass through the aperture are 



A camera system according to the invention can 
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diffracted by smaller angles than the abovementioned 
value, but are still close to 90°. The abovementioned 
values are selected preferably within the range 
approximately 85° - 90°. 
5 By means of the invention described above a more 

even and more stable sensitivity is obtained over the 
whole detector surface which, as described above, gives 
a better picture quality. In connection with the new 
camera system this can be further refined in relation 
10 to the current technology. 

DESCRIPTION OF THE FIGURES: 

In the following a currently proposed embodiment 
of a detector and a camera system according to the 
15 invention will be described with reference to the 
attached figures, where 

figure 1 shows in principal diagram form and from the 
side IR radiation falling through an 

20 aperture onto the centre of the detector 

surface in accordance with already known 
technology, 

figure 2 shows in principal diagram form and from the 
side radiation falling through an aperture 
25 onto the outer edge of the detector related 

to the sensitivity area of the detector, 
where the figure shows the case for known 
technology, 

figure 3 shows in horizontal view from underneath and 
30 in principle a first embodiment of a detector 

with the new grating arrangement, not to 
scale, 

figure 4 shows in horizontal view from underneath and 
in principle a second embodiment of the 
35 detector's grating arrangement, not to scale, 

figure 5 shows in diagrammatic form the linearly 
increasing grating interval from the centre 
of the detector surface out towards one outer 
edge of the detector surface, 
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figure 6 shows in diagrammatic form the grating 
interval increasing or changing in steps from 
the centre of the detector surface out 
towards one outer edge of the detector, 
5 figure 7 shows in principal diagram form the case when 
diffracted rays are lost as active components 
in reproduction in detectors of known types, 
and 

figure 8 shows in principal diagram form the 

10 diffraction of the infrared radiation falling 

on the detector surface at an angle via the 
aperture in accordance with the invention 
where the rays falling on the first edge of 
the detector surface are reproduced. 

15 Figures 1 and 2 refer principally to the problems 

which are associated with already known detectors and 
camera systems. Figure 1 shows a radiation area A for 
the incident infrared radiation which falls on the 
detector 1 at the central parts lb of its detector 

20 surface la. Detector 1 can be of a known type and in 
this connection reference is made to the Swedish and 
American patents mentioned in the introduction which 
concern the construction of a so-called QWIP detector. 
A so-called cold aperture is indicated by 2. The 

25 centrally incident radiation is shown by arrows and 
lines 3 and 4. The detector is principally sensitive 
within an area which is represented by the angle a. 
From the figure it can be seen that the area of 
sensitivity (the cone) covers the whole of the opening 

30 of the aperture 2a. The incident radiation 3, 4 falls 
within the area of sensitivity 5, 6 of the detector 
over all its extent, which indicates that the detector 
has a high degree of sensitivity for the incident 
radiation. 

35 Figure 2 shows that the area of sensitivity of the 

detector 1' at the outer edge 1c of the detector 
surface la' is only partially accessible to infrared 
radiation falling at oblique angles, which area is 
indicated by fi . Only a small part can therefore be 
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detected by the detector, which gives a lower degree of 
sensitivity for the reception by the detector of the 
incident oblique radiation. The area of sensitivity of 
the detector only covers a part of the incident 
5 radiation 3', 4'. See also the broken lines 5' , 6' in 
figure 2 which show that the area of sensitivity only 
partially covers the opening 2a' in the aperture. 
Figure 2 also shows the construction of an IR camera K 
based on the QWIP detector 1' . The camera comprises an 

10 optics part 0 and a cooling unit KE. The abovementioned 
components are already known and are incorporated in 
the camera body KS in a known way. In figure 2 the 
diameter of the aperture is indicated by D and the 
distance between the aperture and the upper surface la' 

15 of the detector is indicated by S. 

In accordance with the invention the grating 
structure is to be changed according to the angle of 
incidence of the incident radiation. This means 
preferably that the grating interval is longer at the 

2 0 edge of the detector than in the centre. The grating is 
preferably two-dimensional in order to be insensitive 
to polarization of the radiation. Figure 3 shows a 
grating arrangement viewed from the underside of the 
detector in question. The detector is indicated in the 

25 diagram by 1" . The grating element in the embodiment is 
constructed with quadrilateral configurations. At the 
central parts Id of the grating arrangement or of the 
detector the grating elements are essentially square 
while at the outer edge le of the detector they are 

30 essentially rectangular. A grating element is indicated 
by If in figure 3. The figure is not drawn to scale, 
but is only an outline diagram. 

In accordance with a first embodiment of the 
invention concept the grating interval varies linearly 

35 from the centre Id of the detector out towards the 
outer edge le of the detector. 

The abovementioned variation or change in the 
grating interval can according to figure 4 be arranged 
in steps increasing out from the central part Id' of 
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the detector to the outer edge le' of the detector. In 
the embodiment according to figure 4 the increase in 
steps in the grating arrangement is arranged using 
strip-shaped formations lg and lh which in principle 
5 cross each other at the central part Id' of the 
detector. In this way a first density in the grating 
arrangement is obtained in the area which is covered by 
both strips lg and lh. In parts which are individually 
covered by the strip-shaped arrangements lg and lh a 

10 second density is obtained in the grating arrangement. 
In the corners of the grating arrangement which are 
symbolized by li a third density is obtained for the 
grating arrangement. The corners li are not crossed by 
the strip-shaped structures lg and lh. The grating 

15 interval is smaller at the central parts and increases 
out towards the outer parts. 

The grating arrangement can extend from the 
central parts of the detector surface out towards the 
outer edges of the detector surface with grating 

20 intervals or steps increasing in principle in all 
directions which are indicated by lk, 11, lm and Ik', 
11', lm' respectively in figure 1. 

Figure 5 is intended to show the linearly 
increasing grating interval in the grating arrangement 

25 from the central part Id of the detector 1" out towards 
its straight outer edge le. In a corresponding way 
figure 6 is intended to show the grating interval 
increasing in steps from the centre Id' of the detector 
1" ' out towards the outer edge le' in figure 4. 

30 Figure 7 is intended to show the situation with 

already known technology. In this case the aperture is 
indicated by 2a" and the incident ray with the largest 
angle to the upper surface la" of the detector is 
indicated by 7 . Figure 7 is intended to show that 

35 diffracted rays of the order 1 have been given an angle 
B in relation to the normal 8 to the surface, which 
angle is greater than 90°. This means that the rays in 
question are lost as active components in the detection 
or recording. In figure 7 an angle (gamma) is indicated 
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between the incident radiation and the normal 8 to the 
surface. This maximum angle is preferably selected 
within the range 0-45°. 

Figure 8 shows the improvement according to the 
5 invention. The incident radiation 7' which corresponds 
to the incident radiation 7 in figure 7 is diffracted 
with diffraction rays of the orders 1 and -1 according 
to the figure. By the suitable selection of the grating 
interval the diffraction rays of the order 1 assume a 
10 value fi' which is 90° or very near 90°, which means that 
the rays in question can be retained as active 
components, which means that the sensitivity of the 
detector is increased. 



15 grating interval is selected over the detector surface 
in accordance with the following. The starting point is 
a given aperture diameter D (see figure 2) at the 
distance S (see figure 2) from the surface la' of the 
detector. A grating interval d(x) for a point at the 

20 distance x (see figure 2) from the centre Id of the 
detector (see figure 3) is selected in such a way that 
the ray which has the largest angle of incidence is 
diffracted by precisely 90° in relation to the normal. 
This ray passes precisely at the edge of the aperture. 

25 All other rays which pass through have a smaller angle 
of incidence and are therefore diffracted by angles 
less than but close to 90° (see above) - Expressed 
mathematically the grating interval is: 



(x) 

where X is the wavelength, n is the diffraction index 
of the grating substrate and a 0 max (x) is the maximum 
angle of incidence and is given by the formula: 



In a preferred embodiment the variation of the 



d(x) = 



35 



tana 0max (x)= 



x+D/2 



s 
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In a second preferred embodiment the grating 
interval is selected according to a simplified method 
derived from the method above, by approximation of 
sinotomax and tanctomax by ctomax. The grating interval is 
5 then given by 



that is the grating interval varies linearly from the 

10 centre out towards the edges. 

In an embodiment the following values are 
selected: A, = 9 \im, D = 7 mm and S = 14 mm. For the 
substrate or the material GaAs n = 3.28. At the centre 
of the detector d = 2.95. At the edge, for example 8 mm 

15 from the centre, d = 3.43 pm. In an embodiment d is 
selected at the centre of the detector within a range 
2.5 - 3.0 v™ and at the outer edge of the detector 
within a range 3.0 - 3.5 ym, where the higher values 
are related to each other within both areas, as are the 

20 lower values. 

Selection of the grating interval d for the value 
of £>' equal to or close to 90° is obtained by means of 

sinao + sinPm - 
n nd 

25 

The abovementioned grating arrangement has been 
given the designation 9 in figure 3 and a graph for the 
periodicity according to figure 3 has been given the 
designation 10 in figure 5, while the graph for the 

30 periodicity according to figure 4 has been given the 
designation 11 in figure 6. 

This invention is not restricted to the 
embodiments described above, but can be modified within 
the framework of the following patent claims and 

35 invention concept. 



d(x)=-(l + 



2nS nS 




n 
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PATENT CLAIMS: 

1. Quantum well based two-dimensional detector 1 for 
detecting infrared radiation 3, 4 which receives 

5 infrared radiation falling upon its detector surface la 
at various angles of incidence preferably within a 
range of 0-45° in relation to the normal 8 to the 
surface and comprising a grating arrangement If for 
diffraction of the incident radiation, characterized in 

10 that the grating arrangement is selected with a grating 
interval which varies or changes from the central part 
Id of the detector out towards the outer parts le or 
circumference of the detector, and that the variation 
or change in the grating interval is arranged to retain 

15 or contribute towards retaining in the detection 
diffracted rays of the orders 1 and -1 as active 
components across the whole detector surface by 
changing the angle values of the diffracted rays 
depending upon the angles of incidence a of the 

20 radiation falling on the various parts of the detector 
surface . 

2. Detector according to claim 1, characterized in 
that the grating interval varies linearly. 

3. Detector according to claim 1, characterized in 
25 that the grating interval varies in steps, 

4. Detector according to claim 1, 2 or 3, 
characterized in that elements If incorporated in the 
grating arrangement 9 in the horizontal section of the 
grating arrangement vary the configuration size and/or 

30 shape and for example are square at the central part Id 
of the detector surface and change to rectangular 
shapes as the grating arrangement 9 extends out towards 
the outer parts le or circumference of the detector 
surface. 

35 5, Detector according to any of the preceding claims, 
characterized in that the interval 10, 11 of the 
grating arrangement is selected so that the detection 
or sensitivity of the detector is essentially the same 
over the whole surface la of the detector. 
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6. Detector according to any of the preceding claims, 
characterized in that the grating interval increases 
with the distance from the central parts of the 
detector out towards its outer parts or circumference 

5 le. 

7 . Detector according to claim 1 or any of claims 2- 
6, characterized in that the grating interval varies 
according to 



15 



d(x)= 



10 n-sina (x) 

where X is the wavelength, n is the diffraction index 
of the grating substrate and Q£omax(x) is the maximum 
angle of incidence and is given by the formula 



, , x+P/2 



S 

8, Detector according to claim 7, characterized in 
that the grating interval is selected by approximation 
of sinaomax and tan a QmaK by aomax, where the grating 
20 interval is given by 

n 2nS nS \ 



that is the grating interval varies linearly from the 
25 centre out towards the edges. 

9. Detector according to claim 1 or any of claims 2- 
7, characterized in that the grating interval has 
values of approximately 2.5-3.0 micrometres at the 
centre of the detector and approximately 3.0-3.5 
micrometres at the outer parts of the detector, where 
the higher values within both areas are related to each 
other and the lower values within both areas are 
related to each other. 

10. Camera system for infrared radiation and 
comprising optics O with aperture 2 and cooling unit KE 
and a quantum well based two-dimensional detector 1 
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which receives via the aperture infrared radiation 3, 4 
falling at various angles of incidence a preferably 
within a range of 0-45° in relation to the normal 8 to 
the detector surface, where the detector comprises a 
5 grating arrangement for diffraction of the incident 
radiation characterized in that the grating arrangement 
is selected with a grating interval which varies or 
changes from the centre of the detector out towards the 
outer parts of the detector and in that the grating 

10 interval or the change is selected to diffract the rays 
7 ' which pass through the edge of the aperture 2a", 
that is the rays with the largest angle of incidence, 
by a value up to or exactly equal to 90° and to diffract 
rays with smaller angles of incidence by values which 

15 are less than the abovementioned value but are still 
close to 90°, which values are preferably selected 
within the range 85° - 90°. 
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Kvantbrunnsbaserad och tvadimensionell detektor for IR-strilning och kamerasystem 
med sadan detektor. 

5 

Foreliggande uppfinning avser en kvantbrunnsbaserad och infrared straining avkannande, 
tvadimensionell detektor som pa sin detektoryta mottar infallande infrarod straining med 
olika infallsvinklar inom ett omrade om 0-30° i forhallande till ytans normal. Detektorn 
innefattar ett gitterarrangemang for diffraktion av den infallande stralningen. Upp- 
10 fmningen avser aven ett kamerasystem for infrarod straining och innefattande optik med 
blandare och kylenhet samt en kvantbrunnsbaserad, tvadimensionell detektor som mottar 
den via blandaren under olika infallsvinklar inom ett omrade av 0-30° i forhallande till 
detektorytans normal infallande infraroda stralningen. Detektorn innefattar darvid ett 
gitterarrangemang f6r diffraktion av den infallande stralningen. 

15 

Det ar kant att utnyttja diffraktionsgitter av olika slag for att hoja kansligheten hos en 
kvantbrunnsbaserade infrardd straining avkannande detektor, en s.k. QWIP-detektor 
(Quantum Well Infrared Photodetector). Det kan darvid hanvisas till det svenska patentet 
9101034 och de amerikanska patenten 5 075 749 och 5 506 419. QWIP-detektorn i sig ar 
20 helt okanslig for straining som infaller vinkelratt mot ytan, men genom inforandet av ett 
gitter andras riktningen pa den infallande stralningen sa att denna kan absorberas i 
detektorstrukturen. Gittret anpassas normalt sa att detektorn blir mest kanslig for vinkel- 
ratt mot detektorytan infallande straining. 

25 Det ar i och for sig kant att utnyttja dylika detektorer i IR-kamerasystem, i vilka detek- 
torn kombineras med optik och kylanordning. En viktig komponent harvidlag ar den s.k. 
kalla blandaren, som vanligen ar integrerad med detektorn i en vakuumbehallare 
(dewar). Den kalla blandaren begransar infallsvinklar na hos stralningen som traffar 
detektorn. 

30 

En QWIP-detektor som ar forsedd med inkopplingsgitter enligt ovan blir normalt kanslig 
inom ett forhallandevis smalt vinkelomrade. I synnerhet galler detta nar man utnyttjar 
gitterarrangemang enligt namnda svenska patent, dar gitterkonstanten eller gitterperioden 
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ar vald sa att diffraktionsvinklarna ar nara 90°. Det racker darvid med en mycket liten 
andring av infallsvinkeln for att diffraktionsvinkeln skall bli over 90° i forhallande till 
detektorytans normal, varvid den aktuella diffrakterade stralen forsvinner som aktiv 
komponent i avkanningen, vilket medfor att en plotslig rninskning av inkopplingsverk- 
ningsgraden uppkommer. 



For att stralningen skall kunna registreras av detektorn kravs att infallsvinklarna hos 
stralningen ligger inom ett vinkelomrade dar detektorn ar kanslig. For punkter som 
ligger mitt pa detektorn, dvs mitt for den kalla blandaren, kommer alia dessa stralar att 

10 ligga inom ett vinkelomrade kring 0°, vilket medfor att den mesta av denna stralningen 
kan registreras. Daremot galler for punkter i kanten av detektorytan att stralarna infaller 
huvudsakligen i sneda vinkar, dar forut kanda detektorer har dalig kanslighet. Detta har 
visats i figurerna 1 och 2 dar A visar strilningen via den kalla blandaren mot detektor- 
ytans mitt och B visar strilningen via den kalla blandaren mot detektorytans ytterkant. 

15 Det foreligger ett behov av att kunna erhalla jamn kanslighet over hela detektorytan for 
att kunna uppna battre bildkvalitet. Uppfmningen avser att losa bl.a. detta problem. 

I anslutning till kamerasystem foreligger aven onskemal om att kunna gora optiken 
mindre och minska kylbehovet i systemet. Uppfmningen avser att losa aven detta 
20 problem. 

Det som huvudsakligen kan anses vara kannetecknande for en detektor enligt uppfm- 
ningen ar att gitterarrangemanget ar valt med en gitterperiod som varierar eller forandrar 
sig fran detektorns eller detektorytans mittre del och ut mot detektorns respektive detek- 
25 torytans yttre delar eller omkretsdelar. Ett ytterligare kannetecken ar att gitterperiodens 
variation eller forandring ar anordnad for eller bidrar till att i avkanningen bibehalla 
diffrakterade stralar av ordningarna 1 och -1 som aktiva komponenter over hela detek- 
torytan genom att anpassa de diffrakterade str&larnas vinkelvarden i beroende av infalls- 
vinklarna pa den infallande stralningen vid detektorytans olika delar. 

30 

I utfdringsformer av uppfinningstanken foreslas att gitterperioden skall variera linjart 
eller stegvis. I gitterarrangemanget ingaende element varierar i gitterarrangemangets 
horisontalsnitt sina konfigurationsstorlekar och/eller konfigurationer och ar t.ex. kvadra- 




PCT/SE00/00470 
09.03.2000 



tiska vid detektorytans mittre delar och overgar i rektangulara former vid gitterarrange- 
mangets strackning ut mot detektorytans yttre delar eller omkretsdelar. Ytterligare utfo- 
ringsformer av uppfinningstanken framgar av efterfoljande underkrav till detektorupp- 
byggnaden. 

Det som huvudsakligen kan anses vara kannetecknande for ett kamerasystem enligt upp- 
finningen ar att gitterarrangemanget i likhet med ovan ar valt med en gitterperiod som 
varierar eller forandrar sig fran detektorns mittre del och ut mot detektorns yttre delar 
och att gitterperioden eller forandringen ar vald att diffraktera strilen som passerar vid 
blandarens kant, dvs stralen med den storsta infallsvinkeln, med ett varde intill eller 
exakt lika med 90° i forhallande till detektorytans normal. Ovriga strilar som passerar 
blandaren kommer da att deffrakteras med mindre vinklar an det forstnamnda vardet, 
men anda ar nara 90°. Namnda varden valjes foretradesvis inom omradet ca 85° - 90°. 

Genom det i ovan foreslagna erhilles en utjamnad och mer stabil kanslighet utefter hela 
detektorytan som enligt ovan ger battre bildkvalitet. I anslutning till det nya kamera- 
systemet kan detta forfinas ytterligare i forhillande till den kanda tekniken. 

FIGURFORTECKNING 

En for narvarande foreslagen utforingsform av en detektor och ett kamerasystem enligt 
uppfinningen skall beskrivas i nedanstaende under samtidig hanvisning till bifogade 
ritningar dar 

figur 1 i principschemaform och fran sidan visar genom en blandare mot en 
detektorytas mitt infallande IR-str&lning enligt i och for sig kand teknik, 

figur 2 i principschemaform och fran sidan visar den via blandaren mot detektorns 
ytterkant infallande strilningen relaterade till detektorns kanslighets- 
omrade, varvid figuren visar fallet for den kanda tekniken, 
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figur 3 i horisontalvy underifran och principiellt visar ett detektorn tillhdrande 
nytt gitterarrangemang i ett forsta utforande, varvid figuren inte ar visad 
skalenlig, 

figur 4 i horisontalvy underifran och principiellt visar ett andra nytt utforande av 
detektorns gitterarrangemang, varvid figuren ej ar visad skalenlig, 

figur 5 i diagramform visar linjart okande gitterperiod fran detektorytans mitt ut 
mot detektorytans ena ytterkant, 

figur 6 i diagramform visar gitterperiodens stegvisa okning eller forandring fran 
detektorytans mitt och ut mot detektorns ena ytterkant, 

figur 7 i principschemaform visar fallet dar diffrakterad strale gar forlorad som 
15 aktiv komponent i atergivningen i anslutning till detektorer av kant slag, 

och 

figur 8 i principschemaform visar diffrakteringen av den under vinkel via blanda- 
ren mot detektorytan infallande infraroda stralningen i enlighet med upp- 
20 finningen, varvid stralen mot detektorytans forsta kant atergivits. 

Figurerna 1 och 2 ar i forsta hand hanforbara till problematiken som ar knuten till forut 
kanda detektorer och kamerasystem. I figuren 1 anges ett stralningsomrade A for den 
infallande mfraroda stralningen som traffar detektorn 1, vid dess detektorytas la mittre 

25 delar lb. Detektorn 1 kan vara av i och for sig kant slag och det hanvisas harvid till de 
inledningsvis omnamnda svenska och amerikanska patenten som anger uppbyggnaden p4 
en s.k. QWIP-detektor. En s.k. kail blandare ar angiven med 2. Den centralt infallande 
stralningen ar visad med pilar och linjer 3 och 4. Detektorn ar huvudsakligen kanslig 
inom ett omrade som ar representerat med en vinkel a. Av figuren framgar att kanslig- 

30 hetsomradet (konen) tacker hela blandarens oppning 2a. Den infallande stralningen 3, 4 
faller innanfor detektorns kanslighetsomride 5, 6 i hela sin utstrackning, vilket indikerar 
en stor kanslighetsgrad hos detektorn for den infallande stralningen. 



m 
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I figuren 2 visas att detektorns 1' kanslighetsomrade vid detektorytans la' ytterkant lc 
endast delvis ar tillgangligt for den under sneda vinklar infallande infraroda stralningen, 
vars omrade angivits med (3. Endast en mindre del kan saledes registreras av detektorn, 
vilket ger lagre kanslighetsgrad vid detektorns mottagning av den infallande sneda stral- 

5 ningen. Detektorns kanslighetsomrade tacker endast en del av den infallande stralningen 
3', 4'. Jamfor aven de streckade linjerna 5', 6' i figuren 2 som visar att detektorns kans- 
lighetsomrade endast delvis tacker oppningen 2a' pa blandaren. I figuren 2 visas dess- 
utom principiellt uppbyggnaden av en IR-kamera K baserad pa QWIP-detektorn 1'. I 
kameran ingar en optik O och en kylenhet KE. Namnda komponenter ar i och for sig 

10 kanda och pa i och for sig kant satt inbyggda i en kamerastomme KS. I figuren 2 ar 
blandarens diameter angiven med D och avstandet mellan blandare och detektorns ovan- 
yta la' med S. 

I enlighet med uppfinningen skall gitterstrukturen anpassas efter infallsvinkeln hos den 
15 infallande stralningen. Detta innebar fbretradesvis att gitterperioden blir langre i kanten 
av detektorn an i mitten. Gittret ar fbretradesvis tvadimensionellt for att vara okansligt 
for stralningens polarisation. I figuren 3 ar ett gitterarrangemang visat fran ifragavarande 
detektors undersida. Detektorn ar i princip angiven med 1". Gitterelementen ar i utfo- 
ringsexemplet utformade med fyrkantsformade konfigurationer. Vid gitterarrangemanget 
20 eller detektorns mittre delar Id ar gitterelementen vasentligen kvadratiska, medan de vid 
detektorns ytterkant le ar vasendigen rektangelformade. Ett gitterelement ar i figuren 3 
angivet med If. Figuren ar ej visad skalenlig, utan utgbr endast en principskiss. 

I enlighet med en forsta utforingsform av uppfmningstanken varierar gitterperioden 
25 linjart fran detektorns mitt Id ut mot detektorns ytterkant le. 

Namnda variation eller forandring av gitterperioden kan i enlighet med figuren 4 anord- 
nas stegformigt och bkande ut fran detektorns mittre del Id' till detektorns ytterkant le'. 
I utfbringsexemplet enligt figuren 4 ar den stegvisa okningen i gitterarrangemanget 
30 anordnat med hjalp av bandliknande formationer lg och lh som i princip korsar varandra 
vid detektorns mittre delar Id'. Pa sa satt erhalles i omradet som tackes av bade bandet 
lg och lh en forsta tathet i gitterarrangemanget. I delar som var for sig tackes av de 
bandformade arrangemangen lg och lh erhalles en andra tathet i gitterarrangemanget. I 
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hornen av gitterarrangemangen som ar symboliserade med li erhilles en tredje tathet for 
gitterarrangemanget. Hornen li korsas inte av de bandformade strukturerna lg och lh. 
Gitterperioden ar mindre vid de mittre delarna och okar utit mot de yttre delarna. 

Gitterarrangemangen kan sprida sig frin detektorytans mittre delar ut mot detektorytans 
yttre kanter med okande gitterperiod eller steg i princip alia riktningar som i figur 1 ar 
indikerade med lk, 11, lm respektive Ik', 11', lm'. 

Figuren 5 ar avsedd att visa den linjart okande gitterperioden i gitterarrangemanget 
raknat frin detektorns 1" mittre del Id vinkel ut mot dess raka ytterkant le. Pi motsva- 
rande satt avser figuren 6 att visa den stegvist okande gitterperioden frin detektorns 1"' 
mitt Id' vinkelratt ut mot ytterkanten le' i figuren 4. 

Figuren 7 avser att visa fallet vid den tidigare kanda tekniken. I detta fall ar blandaren 
principiellt angiven med 2a" och den infallande stralen med den storsta vinkeln mot 
detektorns ovanyta la" med 7. Figuren 7 avser att visa att diffrakterad strale av ord- 
ningen (I) har erhillit en vinkel P i forhallande till ytans normal 8 som ar storre an 90°. 
Detta innebar att ifrigavarande strale gar forlorad som aktiv komponent i avkanningen 
eller registreringen. I figuren 7 ar en vinkel ^angiven mellan den infallande stralningen 
och ytans normal 8. Sistnamnda maxvinkel valjes foretradesvis inom omradet 0-45°. 

I figuren 8 visas forbattringen enligt uppfinningen. Den infallande stralningen T som 
motsvarar den infallande stralningen 7 enligt figuren 7 diffrakteras med diffraktions- 
stralarna av ordningarna 1 och -1 enligt figuren. Genom lampligt val av gitterperiod 
kommer diffraktionsstralen av ordningen 1 att anta ett varde p' som ar 90° eller mycket 
nara 90°, vilket medfor att stralen ifraga kan bibehallas som aktiv komponent, vilket ger 
upphov till att kansligheten hos detektorn okar. 

I en foredragen utforingsform valjs gitterperiodens variation utefter detektorytan i enlig- 
het med foljande. Utgangspunkten ar darvid en given blandar diameter D (se figuren 2) 
pa avstandet S (se figuren 2) frin detektorns yta la'. En gitterperiod d(x) for en punkt pi 
avstindet x (se figuren 2) frin detektorns mitt Id (se figuren 3) valjes pi sa satt att den 
strale som har storsta infallsvinkeln diffrakteras i precis 90° i forhallande till normalen. 



m 
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Denna strale passerar precis kanten av blandaren. Alia andra stralar som slappes igenom 
har mindre infallsvinkel och diffrakteras darfor i vinklar mindre an, men nara 90° (se 
ovan). Matematiskt uttryckt blir gitterperioden: 



d(x) = 



n ' sina OmaxW 



dar X ar vaglangden, n ar gittersubstratets brytningsindex och o 0msx (x) ar maximala in- 
fallsvinkeln och ges av formeln: 

/ ^ x+D/2 
^na 0max (x)= 

s 

I en annan foredragen utforingsform valjs gitterperioden enligt en forenklad metod, har- 
ledd ur ovan beskriven metod, genom att approximera sinc^,^ och tana 0max med Oq^. 
Da ges gitterperioden av 

d(x)-^(l + 

n 2nS nS 



det vill saga, gitterperioden varierar linjart fran mitten ut till kanten. 

I ett utforingsexempel valjes darvid vardena X = 9 |im, D — 7 mm och S = 14 mm. For 
substratet eller mater ialet GaAs ar n = 3,28. Vid detektorns mitt erhalles d = 2,95. Vid 
kanten, t.ex. 8 mm fran mitten blir d = 3,43 |im. I ett utforingsexempel valjes d vid 
detektorns mitt inom ett omrade 2,5 - 3,0 |xm och vid detektorns ytterkant inom ett 
omrade 3,0 - 3,5 ^m, varvid de hogre vardena ar relaterade till varandra inom de bada 
omradena, liksom de lagre vardena. 

Val av gitterperioden d for varden for P' lika med eller nara 90° erhalles medelst 

iiflSe. + sinPm = 
n nd 
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Det i ovan omnamnda gitterarrangemanget har erhallit beteckningen 9 i figuren 3 och en 

kurva for periodiciteten enligt figuren 3 har i figuren 5 erhallit beteckningen 10, medan 

periodiciteten enligt figuren 4 har erhallit beteckningen 11 i figuren 6. 

Uppfinningen ar inte begransad till den i ovan sasom exempel visade utforingsformen 
utan kan underkastas modifikationer inom ramen for efterfoljande patentkrav och uppfin- 
ningstanken. 




PCT/SE00/00470 
09.03.2000 



PATENTKRAV 

1 Kvantbrunnsbaserad och infrarod straining (3, 4) avkannande, tvadimensio- 

5 nell detektor (1) sora pa sin detektoryta (la) mottar infallande infrarod straining med 
olika infallsvinklar, foretradesvis inom ett omrade 0-45°, i forhallande till ytans normal 
(8) samt innefattande ett gitterarrangemang (If) for diffraktion av den infallande stral- 
ningen, kan-netecknad darav, att gitterarrangemanget ar valt med en gitterperiod 
som varierar eller forandrar sig fran detektorns mittre del (Id) och ut mot detektorns yttre 
10 delar (le) eller omkretsdelar, och att gitterperiodens variation eller forandring ar anordnad 
eller bidrar till att i avkanningen bibehalla diffrakterade stralar av ordningarna 1 och -1 som 
aktiva komponenter over hela detektorytan genom att anpassa de diffrakterade stralarnas 
vinkelvarden i beroende av infaUsvinklarna (a) pa den infallande stralningen vid detektor- 
ytans olika delar. 

15 

2. Detektor enligt patentkravet 1, kannetecknad darav, att gitterperioden 
varierar linjart. 

3. Detektor enligt patentkravet 1, kannetecknad darav, att gitterperioden 

20 varierar stegvis. 

4. Detektor enligt patentkravet 1, 2 eller 3, kannetecknad darav att i gitter- 
arrangemanget (9) ingaende element (If) i gitterarrangemangets horisontalsnitt varierar sina 
konfigurationsstorlekar och/eller konfigurationer och t.ex. ar kvadratiska vid detektorytans 

25 mittre del ( 1 d) och overgar i rektangulara former vid gitterarrangemangets (9) strackning ut 
mot detektorytans yttre delar (le) eller omkretsdelar. 

5. Detektor enligt nagot av foregaende patentkrav, kannetecknad darav, att 
gitterarrangemangets period (10, 1 1) ar vald sa att detektorns avkanning eller kanslighet blir 

30 vasentligen densamma over detektorns hela yta (la). 



10 



15 



20 
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6. Detektor enligt nagot av foregaende patentkrav, kannetecknad darav, att 
gitterperioden okar med avstandet fran detektorns mittre delar ut mot dess yttre delar eller 
omkretsdelar (le). 

7. Detektor enligt patentkravet 1 eller nagot av patentkraven 2-6, kanneteck- 
nad darav, att gitterperioden varierar enligt 

d(x) = - 

n-sina 0max (x) 

dar X ar vaglangden, n ar gittersubstratets brytningsindex och a^^x) ar maximala 

infallsvinkeln och ges av formeln 

, . x+D/2 
& na 0max (x)= 



8. Detektor enligt patentkravet 7, kannetecknad darav, att gitterperioden ar 
vald med hjalp av approximation av ot^^ och tan a 0max med a^^, varvid gitterperioden 
firamg&r av 

dco-i(i+ ^h-^-) 



X 

n 2nS nS 

dvs gitterperioden varierar linjart frin mitten ut till kanten. 

9. Detektor enligt patentkravet 1 eller nagot av patentkraven 2-7, kanneteck- 
nad darav, att gitterperioden uppvisar varden av ca 2,5-3,0 mikrometer vid detektorns 

25 mitt och ca 3,0-3,5 mikrometer vid detektorns yttre delar, varvid de hogre vardena inom de 
bada omradena ar hanfbrbara till varandra och de lagre vardena inom de bada omradena ar 
hanfbrbara till varandra. 

10. Kamerasystem for infrarod straining och innefattande optik (O) med blandare 
30 (2) och kylenhet (KE) samt en kvantbrunnsbaserad, tvidimensionell detektor (1) som 

mottar den via blandaren under olika infallsvinklar (a), foretradesvis inom ett omrade av 
0-45°, i forhallande till detektorytans normal (8) infallande infraroda stralningen (3, 4), 
varvid detektorn innefattar ett gitterarrangemang for diffraktering av den infallande stral- 
ningen, kannetecknad darav, att gitterarrangemanget ar valt med en gitterperiod 
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som varierar eller fbrandrar sig fran detektorns mittre del och ut mot detektorns yttre deiar, 
och att gitterperioden eller fbrandringen ar vald att diflraktera stralen (7*) som passerar vid 
blandarens (2a") kant, dvs stralen med den storsta infallsvinkeln, med ett varde intill eller 
exakt lika med 90° och att diffraktera stralar med mindre infallsvinklar med varden som 
understiger det forstnamnda vardet, men anda ar nara 90°, vilka varden foretradesvis ar 
valda inom omradet 85° - 90°. 
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SAMMANDRAG 

En kvantbrunnsbaserad och infrarod straining avkannande tvadimensionell detektor (1) 
5 mottar pa sin detektoryta (la) infallande infrarod strilning med olika infallsvinklar. 
Detektorn innefattar ett gitterarrangemang for diffraktering av den infallande stralningen. 
Arrangemanget ar valt med en gitterperiod som varierar eller forandrar sig fran detek- 
torns mittre del och ut mot detektorns yttre delar. Gitterperiodens variation eller forand- 
ring ar anordnad att i avkanningen bibehalla diffrakterade stralar av ordningarna 1 och - 
10 1 som aktiva komponenter over hela detektorytan genom att anpassa de diffrakterade 
stralarnas vinkelvarden i beroende av infallsvinklarna pa den infallande stralningen vid 
detektorytans olika delar. 



